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Overview 1 





1.1 Introduction 


This document describes the XB1l!! crossbar switch. The XB1 acts as the bridge 
between three system buses. Only one of the buses is dedicated to a particular 
function, that of interfacing to memory, while the other two are general-purpose 
buses. Suggested uses are for a processor bus, a memory data bus, and an input- 
output (I/O) bus in SPARC Technology Business' reference uni-processor design 
for the UltraSPARC™. Owing to different system requirements, these buses are 
different widths. To keep the cost economical and provide implementation flexi- 
bility, the part is sliced such that multiple chips are required to build a system. 


The XB1 consists of one four-bit port, one eight-bit port, and one 16-bit port. 


The AP! port (16 bit) is intended for use as a memory interface. The B port (eight 
bit) is intended for use as a microprocessor interface. The C port (four bit) is in- 
tended for use as an I/O interface. The B and C ports have approximately 10- 
ohms damping resistor on the outputs. All ports are controlled by state machines 
which sequence the filling and the transferring of data into and from internal reg- 
isters. 


The memory port can handle only block transfers. When MRB CTRL is asserted, 
data will be transferred from the memory bus into the memory's read registers. 
The memory read commands will result in transferring data from the memory 
registers to the bus specified by the command. The memory write command will 
result in transferring data from the processor bus, or the I/O bus, to the memory 





1. In previous documentation, the XB1 was called STP2230SOP, and was code named the BMX. 
2. In previous documentation, the A BUS, B. BUS, and C BUS were referred to as M BUS, P. BUS, and I. BUS respec- 


tively. 
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write registers. When MWB CTRL is asserted, data will be transferred from the 
memory write registers to the memory bus. The memory port allows wrapping 
management for both processor accesses and I/O accesses. The wrapping man- 
agement is only applicable to data transfers involving memory read commands, 
(see Chapter 4, "Operational Details"). 


If the control signal MRB_CTRL and a memory read command are received at the 
same rising edge of the clock, the first memory byte or nibble, in case of a memo- 
ry to I/O transfer, will bypass the memory registers and appear on the appropri- 
ate bus. 


The data transfers are controlled by commands which are delivered to the select 
pins, SEL3, SEL2, SEL1, and SELO. Input data to any ports will be treated and ar- 
ranged assuming “big endian” ordering. The highest count of bits will always re- 
fer to the most significant bit. The most significant bit for the memory bus will 
appear on pin A15, for the processor bus will appear on pin B7 and for the I/O 
bus will appear on pin C3. The chip will always allocate the resources required 
by the last command asserted. An external controller is needed to resolve re- 
source conflicts that could arise from two simultaneous commands. All com- 
mands, except the idle and reset commands, will initiate data transfers. 


The assertion of the RESET command will set all buffers to zero and place all 
ports in the high-impedance state. The assertion of the TEST command, will 
cause the processor bus data to be copied to the memory bus and to the I/O bus. 


The IDLE command is the default command on the chip. During the IDLE com- 
mand, any other command that requires multiple clock cycles will continue exe- 
cution until completion. 


1.2 Features 


The XB1 is a crossbar switch with the following features: 
* Three-port crossbar 


* Decoupled memory port - loading and unloading of memory data can take 
place in parallel with other operations 


e Burst transfers operate on four bytes of data per slice 


* Power-up safe buses - all buses power up tristated so there will be no bus 
contention with other parts which may be on the buses 


* Implemented in 0.8-micron Bi-CMOS and housed in a 48-pin TSSOP 
package (also called DGG or “Shrink wide-bus”) 
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1.3 Block Diagram 


1. Overview 


There are four major blocks which make up the internal structure of the XB1: 


* memory data interface block 


* [/O data interface block 


* processor data interface block 


e command decoder block 


This device performs a data-switching function among any of three buses. All 
port-to-port transfers are registered at the input bus, and at the output bus. Due 
to the possible simultaneous assertion of the memory read control (MRB CTRL), 
and a memory read command, a bypass multiplexer allows data to flow from the 
A. BUS to the B. BUS output register without an additional input register delay. 
This minimizes latency for memory accesses. 


A. BUS[15:0] 


IMR DATA[3:0] 





MRB CTRL | Memory 


IMW_DATA[3:0] 





Data 


PW. DATA[7:0] 





MWB CTRL | Interface 


| ^ X MIE 

L—- X MIO 
> X MPE 
H X MPO 
SEL[3:0] 
XPM 
SYS_CLK > XM 
> X PIB 
m~~ X PIS 
> X IPB 
I—» X IPS 
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Figure 1-1 XB1 Block Diagram 














PIR. DATA[7:0] 





PMR DATA[7:0] 





m X IDLE 
[> X RESET 
|» X TEST 








"| 1/O Data 


Interface 
Block 


Processor 
Data 


Interface |B-BUS[7:0] 


Sections which follow provide more detail on the internal structure of the various 
blocks. The memory data interface block is made up of two pieces: the memory 
read data interface and the memory write data interface. 
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1.3.1 Memory Read Data Interface 


The memory read data interface consists of independent loading and unloading 
logic. Read data is input through the A. BUS under control of the MRB CTRL sig- 
nal. Unloading proceeds based on any of the X M* commands. 





Note: The symbol "*" is used as a wild card. It can symbolize a processor [P], or 
input/output [I], or it can be odd or even. It can also symbolize either: X MPE, 
X MPO, X MIE, and X MIO, or possible combinations thereof. 











SEL 
Decode 








MRB-CTRE 1, Memory Read Buffer Control Circuit 
^| 





Write Ptr 





Read Buffer 
with Bypass IMR, DATA[3:0] 

















A. BUS[15:0] PMR. DATA[7:0] 


























Figure 1-2 XB1 Memory Read Data Interface Block Diagram 
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1. Overview 


1.3.2 Memory Write Data Interface 


For memory writes, data sinking from the source bus, and sourcing onto the 
A. BUS are decoupled. MWB CTRL determines when valid data which has been 
loaded through an X [LP]M command and is transferred out to the A. BUS. 








Memory Write 

MWB CTRL Buffer Control 
Circuit 

^ 





Write Ptr Read Ptr 





Write Buffer 
with Bypass* 


IMW. DATA[3:0] | 


A. [15:0] 





> 
PWR. DATA[7:0] ^| 


*Note: The bypass is only for 
this buffer. All data using this 
path is registered at the input 











pin and the output pin. 





Figure 1-3 Memory Write Data Interface Block Diagram 
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1.3.3 I/O Bus Data Interface 


I/O reads and writes are controlled by the I/O bus data interface. All transfers 
between the C. BUS and B. BUS follow a deterministic timing, they are always 
coupled. 





X IPS 
PIO Read Fill Logic 


X IPB ——— — — —» 








> IMW DATA[3:0] 


= 1| » PIR DATA[7:0] 


C BUS[3:0] PIO Read Buffer 


a 














IMR. DATA[3:0] 








-— — ——— PW. DATA[7:0] 





PIO Write Buffer 


I/O Transfer Logic 





Figure 1-4 XB1 I/O Bus Data Interface 
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1.3.4 Processor Data Bus Interface 


This block controls all processor port activity. 


»-PW DATA[7:0] 





B BUS[7:0] 


PMR DATA[7:0] 











PIR DATA[7:0] 














Processor 
Data Bus 
Control 





Figure 1-5 Processor Data Interface Block 
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Pin Listand Description 





This section describes the XB1 pins. 


2.1 Summary 


See the "Crossbar Switch (XB1) Data Sheet" for pinout information (mechanical 
and electrical). Table 2-1, "XB1 Signal List Summary," identifies the XB1 signal 





















































names. 
Table 2-1 XB1 Signal List Summary 
Signal Name I/O No. of Description I/F Type 
Pins 
A[15:0] VO 16 Bidirecitonal data from memory bus. LVTIL, 
Must withstand 5-volt inputs. 5-volt tolerant 
B[7:0] T/O 8 Input/output bus, bidirectional, regis- LVTTL 
tered 
C[3:0] LO 4 Processor bus, bidirectional, registered LVTTL 
MRB CRTL I 1 Memory read buffer control LVTTL 
MWB CRTL I 1 Memory write buffer control LVTTL 
SYS_CLK I 2 Balanced clock signals 3.3-volt PECL 
SEL[3:0] I 4 Command input signals LVTTL 
Total signals 36 
Power and 12 
grounds 
Sun Microelectronics 
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Table 2-1 XB1 Signal List Summary 








Signal Name I/O No. of Description I/F Type 
Pins 
Total pins: 48 























2.2 Detailed Description 


2.2.1 A[15:0] 


This port has a two-word (16 bits per word) read-data buffer that is loaded under 
the control of a specific pin on the crossbar (MRB_CTRL). There is no input regis- 
ter on this port as memory reads are of an asynchronous nature, and the extra cy- 
cle required would increase memory latency. All data either goes into the 
memory read buffer, or through a bypass path directly into the B_BUS output 
register. 


There is also two-word (16 bits per word) write-data buffer. This buffer may be 
used to retrieve and hold a processor’s write-back data even though the memory 
chips aren't yet ready to receive it. The write data buffer is emptied under the ex- 
plicit control of the external signal (MWB CTRL). 


The memory port can transfer data to/from either the processor port or the I/O 
port. The memory port can handle only block transfers, however, it does allow 
wrapping management for both processor accesses and I/O accesses. See "Wrap- 
ping Management” in Section 4.1 of Chapter 4 "Operational Details," for a dis- 
cussion. 


2.2.2 B[7:0] 


This port contains no buffers, just multiplexing and I/O registers. The processor 
port can transfer data to/from any other port, but not itself. 


2.2.3 C[3:0] 


This port contains eight nibble-read and write buffers. The read and write buffers 
are used to buffer data transfers between the processor port and the I/O port 
(PIO transfers). These buffers can handle both single-byte and four-byte transfers. 


This port can also transfer four-byte block data to and from the memory port 
buffers for DVMA accesses. 
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2.2.4 SEL[3:0] 


Data is transferred by commands which are delivered over the SEL control port. 
Each command has a unique encoding and acts as a specific instruction to the 
XB1. Except for idle, test, and reset, all XB1 commands initiate a transfer. A sum- 
mary of the commands is given in the table below. See Chapter 3 "Command De- 
scription," for a detailed discussion of the commands, their function, and their 
timing. 


Table 2-2 XB1 Commands 

















Memory read commands: X MDPE, X, MPO, X MIE, X MIO 

Memory write commands: X PM, X IM 

Port-to-port commands: X PIS, X IPS, X PIB, X IPB 

Miscellaneous commands: X IDLE, X IDLEI, X IDLE2, X TEST, X TEST2, X RESET 














XB1 commands are asserted for one cycle to become active. The command is ac- 
tive for as long as it takes to perform the implied transfer. The XB1 can handle 
multiple overlapping commands (for example, a second command may be issued 
before the first command completes). The amount of overlap allowed is described 
in Chapter 3 "Command Description," Section 3.6 "Command Restrictions." An 
external controller is responsible for resolving resource conflicts that could arise 
from two simultaneous commands. The resources required by the last command 
to be asserted are always those allocated by the XB1. 


The reset command is asserted after powerup. The X IDLE command is asserted 
while any other command is being completed and when no data transfer com- 
mand is being performed. It is possible for two or more commands to be active 
simultaneously. They must be initiated sequentially, and must not cause XB1 re- 
source conflicts. 
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2.2.5 SYS CLK 


The XB1 takes in a differential Pseudo Emitter Coupled Logic (PECL) clock and 
uses it for all timing references. 





Note: With clocks non-operational, the XB1 is guaranteed to come up with 
output pins tristated. Additionally, operating the part with clocks disabled will 
not result in damage to the part. 





2.2.6 Power and Ground 


Both 5-V and 3.3-V power is supplied to this part. Memory port inputs must be 5- 
V tolerant while all other ports are strictly 3.3 V. All output buffers, including the 
A. BUS, drive to 3.3 volts. 


Note: It is permissible to bring up 5-V and 3.3-V power in any order although 
proper operation is only guaranteed if both supplies are at the proper voltage. 
Outputs must be tristated regardless of the order (or presence) of both supplies. 
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3.1 Overview 


Transfer of data from a port to any other port requires issuing an XB1 command. 
Like all ports except memory, the command port is registered, so commands take 
affect the cycle after they are issued. Commands must be issued for only one cy- 
cle, but will remain active until the implied transfer is completed. An external 
controller is responsible for resolving resource conflicts that could arise from issu- 
ing commands which have overlapping lifetimes and must delay commands 
from issuing until their resources are available. This is described in more detail in 
Section 3.6, "Command Restrictions," 


Each command has a unique encoding and acts as a specific instruction to the 
XB1. Except for idle, test, and reset, all XB1 commands initiate a transfer. The no- 
menclature for each command is given below. 


Memory read commands (X MIO, X MIE, X MPO, and X MDE) require that 
there be data in the Memory Read Buffer (MRB). Consequently, the MRB. CTRL 
signal must have been asserted at least once prior to or coincident with the issu- 
ance of the command. The command cannot complete until four bytes have been 
transferred, so a second MRB CRTL assertion must occur before the command 
can complete. 





Sun Microelectronics 
13 


XBI User Manual 


3.1.1 XB1 Command Nomenclature 


x [Source designator][Destination designator][Qualifier] 


Where: 


Source, Destination designators: 


P = B. BUS (Processor) 
I 2C BUS (I/O 
M = A BUS (Memory) 


Qualifier: 


E-Even alignment (to M as source transfers only) 


O = Odd alignment (to M as source transfers only) 


B = Block transfer (non-A. BUS transfers) 


S = Single transfer (non-A_BUS transfers) 


Example: 


X_MPE is a transfer from the A. BUS to the B BUS with even alignment. 


The reset command is asserted after powerup. The X_IDLE command is asserted 
while any other command is being completed and when no data transfer com- 
mand is being performed. It is possible for two or more commands to be active 
simultaneously. They must be initiated sequentially, and must not cause XB1 re- 


source conflicts. 


For XB1 command encoding, see "XB1 Command Encoding" in Table 3-1. 


Table 3-1 XB1 Command Encoding 





























BMX_CMDJ3:0] Command Name 
0000 X_IDLE 
0001 X_MIO 
0010 X_MIE 
0011 X_MPO 
0100 X_MPE 
0101 X_PM 
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3. Command Description 


Note: 


BMX_CMDJ3:0] Command Name 
0110 X_IM 
0111 X PIS 
1000 X PIB 
1001 X IPS 
1010 X IPB 
1011 X IDLE1 
1100 X IDLE2 
1101 X. TEST2 
1110 X TEST 
1111 X_RESET 

BMX, CMD[3] denotes SEL3 
BMX, CMD[2] denotes SEL2 
BMX CMD[1] denotes SEL1 
BMX, CMD[0] denotes SELO 





The sections which follow describe each of the commands in detail. They are 


grouped according to the type of transaction performed. 


3.2 Memory Read Buffer Commands 


3.2.1 X MI[E,O] 


Transfer two 16-bit words of data from the A. BUS to the C BUS. Loading of the 
data into the XB1 is under the control of MRB_CTRL. Internally, the XB1 must 
keep track of how many times MRB CTRL has been asserted thus far, and ensure 
that its internal data selector stalls when valid data is not yet available. Data or- 
dering is specified as per the wrapping management indicated by this command. 
See Chapter 4 "Operational Details," Section 4.1, "Wrapping Management," for 


details on wrapping management. 


This command blocks the C. BUS until the cycle is completed. The minimum du- 
ration for data on the C BUS will be for eight clock cycles and will be extended 
by the buffer state machines until valid data is supplied through the use of the 
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MRB CTRL signal. At least one MRB CTRL must be asserted prior to or coinci- 
dent with this command. See Chapter 4 "Operational Details," Section 4.2, "Mem- 
ory Read Buffer Operation," for a discussion of buffer overwriting and pipelining 
of this command. 


Figure 3-1, "X_ MIE Basic Timing," shows the basic X_MIE timing. Note the data 
output timing with respect to the data input timing. This is an example where in- 
put data bypasses the memory read buffer and goes directly into the output reg- 
ister. 

Timing for X. MIO is identical, the only difference is data delivery as discussed in 
Section 4.1, "Wrapping Management," of Chapter 4. The second MRB CTRL pulse 
is shown at the latest possible time to insure contiguous C. BUS data transfer. 
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MRB_CTR JN LAX 
SEL MI* 
Al15:0] 
C[3:0] DO DI D2 D3 D4 D5 D6 D —— — 





Figure 3-1 X MIE Basic Timing 


If a second MRB CTRL has not been received in time for contiguous data deliv- 
ery, the bus will remain enabled and the data is a "don't care" until after the sec- 
ond MRB. CTRL is received, see Figure 3-3, "X MPE Basic Timing," for an 
example. 


1 2 3 4 5 6 7 8 9 10 11 


EE NA NINAS AI KI EAN AIAS AN S A 
MRB_CTR / N / N 


SEL MP 
AL15:0] C 01. XK XXXXXXXXXXXXXKXXXXAXXXAXKAAN D147 > 
CBO) ——— — ——& mo» X m X m X p» XXXXXXXKXXXX Pr X 05 X 56 )(77 














Figure 3-2 X_ MIE Timing Controlled by MRB CTRL 
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3. Command Description 


3.2.2 X MPIE,O] 


Transfer two 16-bit words of data from the A. BUS to the B. BUS. The B. BUS will 
be busy for four cycles to transfer the A. BUS data. Loading of the data into the 
XB1 is under the control of MRB CTRL. Internally, the XB1 must keep track of 
how many valid transfers have been issued thus far and ensure that its internal 
data selector stalls when valid data is not yet available. Data ordering is specified 
as per the wrapping management indicated by this command. See Chapter 4 
"Operational Details," Section 4.1, "Wrapping Management," for further details 
about wrapping management. 


This command blocks the B. BUS until the cycle is completed. The minimum du- 
ration for data on the B. BUS will be for four clock cycles and will be extended by 
the buffer state machines until valid data is supplied through the use of the 

MRB CTRL signal. At least one MRB CTRL must be asserted prior to, or coinci- 
dent with this command. See Chapter 4 "Operational Details," Section 4.2, "Mem- 
ory Read Buffer Operation," for details of buffer overwriting and pipelining of 
this command. 


Figure 3-3, "X MDPE Basic Timing," illustrates the basic timing and indicates the 
latest time that a second MRB CTRL can be asserted and still maintain contigu- 
ous data output on the B BUS. 


1 2 3 4 5 6 ike 8 9 10 11 


BE N/V YV YV VVI VIV VIV NTN 
MRB_CTR JTA an 

















SEL MP* 
A[15:0] C ogo XXXXX X Dien > 
B[7:0] D0,D1 Y D2,D3 X D4, D5 X D6, D7 


Figure 3-3 X MDE Basic Timing 
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Figure 3-4, "X. MPE Timing Controlled by MRB_CTRL,” illustrates the case where 
the B. BUS data delivery (for the second pair of cycles) is delayed by MRB_CTRL. 


0 1 2 3 4 5 6 7 8 9 10 11 


a SNJ ANSA NAAN AAN ELS GO AID UR DNE A 
MRB_CTR FN EFEN 
EE X, X X, X X, X X, X X) 


A[15:0] = D[3:0] DaT $—————————————————À 











B[7:0]_  ————— D0,DI YD2, D3 D4, D5 X D6, D7 > ———————— ——————3À 


Figure 3-4 X MPE Timing Controlled by MRB CTRL 


3.3 Memory Write (MW) Buffer Commands 


3.3.1 X PM 


Transfer four consecutive bytes of data from the B. BUS to the A. BUS. The A, BUS 
transfer will be in two 16-bit words, under the explicit control of the MWB CTRL 
signal. A subsequent command which uses the write buffer cannot be issued until 
there is space in the write buffer. See Chapter 4, Section 4.3, "Memory Write Buff- 
er Operation," for the minimum back-to-back transfer timing. Figure 3-5, "X PM 

Basic Timing," illustrates the command X PM basic timing. 


1 2 9 4 5 6 7 8 9 10 11 


dieu Aor Nee RAYNE Ne X ee Sed 
"mp QUE GNE NER OM GNU GRAN) Ce GT on UNO UD 

















B[7:0] DO, DI X D2, D3 X D4, D5 X D6, D7 
MWB CTR 
A[15:0] D[3:0] D[47] 








Figure 3-5 X PM Basic Timing 


Sun Microelectronics 
18 


3. Command Description 


3.3.2 X IM 


Transfer eight consecutive nibbles of data from the C. BUS to the A, BUS. The 

A. BUS transfer will be in two 16-bit words, and under the explicit control of the 
MWB. CTRL signal. A subsequent command which uses the write buffer cannot 
be issued until there is space available in the write buffer. 


Figure 3-6, "X IM Basic Timing," shows the earliest that MWB CTRL can be as- 
serted relative to C. BUS data. In order to minimize bus utilization on the A, BUS, 


the first MWB CTRL can be delayed. 


0 1 2 3 4 5 6 7 8 9 10 11 


NAA NIENI INI PEPE 


SEL X IM X X X X X X X X X X X 


CO ~ o X pi X m X o X D4 X DS X D6 x» > 
MWB_CTR / \ / Ni 


A[15:0] D[3:0] D[4:7] 


Figure 3-6 X IM Basic Timing 
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3.4 PIO Commands 


3.4.1 X PIS 


Transfer from B. BUS to the C BUS one byte of data. The data is assumed valid 
one cycle following the assertion of XB1. CMD[3:0], and the C BUS is enabled 
with the data two cycles following that. This command may be pipelined. X PIS 
commands can only be issued at most every other cycle. The C. BUS will remain 
enabled until all data are transferred. Figure 3-7, "X PIS Basic Timing," illustrates 
command X PIS basic timing. 














0 1 2 3 4 5 6 7 8 9 10 11 
EERE NN ERU EDIDADR NAE A ME PO AN E 
SEL PIS Note 1 
pro 
C[3:0] 








Figure 3-7 X PIS Basic Timing 


Note: This is the earliest that another X PIS command can be issued. 





For the pipeline timing of this command, see Section 4.4 , "I/O Write Register 
Operation," in Chapter 4. 
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3. Command Description 


3.4.2 X PIB 


Transfer from the B. BUS to the C. BUS four bytes of data (a block). As with all 
other commands, there must be a dead cycle on the source (B. BUS) and destina- 
tion (C BUS). The data/enable timing is similar to that of X PIS. Figure 3-8, 

"X PIB Basic Timing," illustrates the command X PIB basic timing. 

















0 1 2 3 4 5 6 7 8 9 10 11 
ak/ VY V VY VY JYJY RST JUJU RE RS RE 
SEL PIB 
B[7:0] D0, DI D2, D3 X D4, D5 X D6, D7 

DO DI D2 D3 D4 D5 D6 D7 





C[3:0] 


Figure 3-8 X_PIB Basic Timing 


3.4.3 X IPS 


Transfer two nibbles of C. BUS data to the B. BUS. This will be one byte on the 
B. BUS. There are no data first-in/first-out (FIFO) restrictions with this command 
as the C. BUS limits the speed at which the transfer can take place. See the illus- 
tration of the command X IPS basic timing, in Figure 3-9. 


1 2 3 4 5 6 7 8 10 11 


TENAN NT NN NTN EP EN NT PX 


SEL IPS 


C[3:0) 
B(7:0] 


Figure 3-9 X IPS Basic Timing 
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3.4.4 X IPB 


Transfer eight nibbles of C. BUS data to the B. BUS. There are no FIFO restrictions 
with this command as the C. BUS limits the speed at which the transfer can take 
place. Note that data is declared to be valid for only one cycle for each byte out- 
put on the B. BUS. During the times in between, it is a "don't care." Figure 3-10, 
"X IPB Basic Timing," illustrates the command X IPB basic timing. 


0 1 2 3 4 5 6 7 8 9 10 11 


akK/ NY NS VNV YJ N VJ NNV VI N VN 








SEL IPB 





C[3:0] ——— DO X DI X D2 X D3 X D4 X DS X D6 X DI X) 


B[7:0] DO, DI D2, D3 D4, D5 D6, D7 











Figure 3-10 X_IPB Basic Timing 


3.5 Other Commands 


3.5.1 X IDEE, X IDLET X IDLE2; X_IDLE3 


Idle commands are the default command issued by a controller to the XB1. They 
result in no transfer of data. Multiple idle commands have been assigned to make 
sure that all command encodings are specified. 


3.5.2 X TEST 


Causes B. BUS data to be copied onto A, BUS and C. BUS. This command is sup- 
plied so that all nodes are visible for board test. Without this command, it would 
be necessary to implement JTAG for the part. Note that for the A. BUS, the B BUS 
data is replicated twice due to the port width difference. The part must be reset 
prior to issuing this command. 


The behavior of this command is illustrated in Figure 3-11, "X TEST Basic Tim- 
ing," Note that the cycle following the test command is a "don't care," it is ig- 
nored. This permits X. TEST commands to be issued continuously. 
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3. Command Description 


It is mandatory that the last X_TEST command be followed by at least five 
X_IDLE commands in order to insure proper operation. This clears out any inter- 
nal state and insures that no following command can cause a bus conflict. 


0 1 2 3 4 S 6 7 8 9 10 11 


D OE M VIVY V VIVI VIVY ANY TS 
SEL TEST X XXXXX TEST X XXXXX TEST X XXXXX TEST X XU IDLE X IDLE X IDLE XIDLE 





























B[7:0] Do, DIX XXXX 02. D3 XXXKXX P4. D5 KOOPS D7 > 
C[3:0] DO D2 D4 D6 
A[15:0] DO, 1,0, 1 D2, 3, 2,3 D4, 5, 4,5 D6, 7, 6,7 








Figure 3-11 X_TEST Basic Timing 


3.5.3 X TEST2 


The X Test2 command causes A. BUS to be copied onto C BUS and B. BUS. The 
difference between this command and the previous command is in which nibble 
of the A, BUS gets copied on the B. BUS. In the previous command, the MS nibble 
gets copied to the B. BUS. With this command, the LS nibble gets copied to the 

C BUS. It is mandatory that the (last) X TEST2 command be followed by at least 
five X IDLE commands in order to ensure proper operation. This clears out any 
internal state and ensures that no following command can cause a bus conflict. 


1 2 3 4 5 6 7 8 9 10 11 


0 
aK VY V V WV VI NW WV VI V V WV 937 
(TEST2X XXXX XTEST2 X OOOK TEST2X OONK TEST2X VONK IDLE X IDLE Y IDLE X IDLE 
A. Busta. CROCE) 
B_BUS[3:0] 1— ——3—— ————-4 Di X D3 | X DS XXX 000 — 


C. BUS[15:0 DO, 1,0, 1 D2, 3, 2,3 D4, 5,4 XXXXXXXXXXXXKXKK 


























Figure 3-12 — X TEST2 Basic Timing 
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3.5.4 X RESET 


The X. RESET initializes all counters to zero, clears all buffer flags, and places all 
of the ports into high-impedance state. Operations currently in progress are ter- 
minated immediately (for example, they do not run to completion). This com- 
mand must be followed by at least one X. IDLE command before any of the data 
transfer commands are given. Figure 3-13, "X RESET Basic Timing," illustrates 
command X RESET basic timing. 











0 1 2 3 4 5 6 if 8 9 10 11 
ak / NY VIVY V Y V Y V VY NP RARE 
SEL RESET IDLE IDLE IDLE IDLE IDLE IDLE IDLE IDLE IDLE IDLE IDLE 
B17:0] XXXXXXXXXXXXXX > 
13:01 XXXXXXXXXXXXXX_> 








aso KONNEN 


Figure 3-13 — X RESET Basic Timing 


Note: MRB should not be asserted for four cycles after issuing reset. 
Additionally, MRB_CTRL should NOT be asserted while reset is active. 
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3. Command Description 


3.6 Command Restrictions 


Table 3-2, "Command Issuing Restrictions," specifies the earliest that a given com- 
mand can be issued relative to the previous command which may still be active. 
For any of the first commands listed, a subsequent command can be issued N cy- 
cles later, where N is the value in the table. A value of one means that the com- 
mand can be issued in the next cycle. 


Note: All transactions except for X PIS result in at least one dead cycle between 
transfers on all buses. 


For cases where two numbers are listed (n/m), the restriction on issuing the sec- 
ond command is n cycles after the first command, or m cycles after (or before if 
negative) the appropriate control signal (MRB_CTRL or MWB CTRL) whichever 
is LATER. For MRB. CTRL, the reference is to its second assertion. For 

MWB. CTRL, the reference is to the cycle where the second MWB_CTRL is de-as- 
serted. Values in the table referenced against MWB_CTRL are negative indicating 
that the command can precede the control signal by that many cycles. So for ex- 
ample, a PIB command which follows an MIE command can come eight cycles af- 
ter the PIB if the second MRB CTRL is early enough, otherwise, it must come 
four cycles after the MRB CTRL. Likewise, an IM command following a PM com- 
mand must come at least four cycles later, and if the MWB CTRL is either de- 
layed or remains asserted for long enough, the IM command could come four 
cycles before the de-asserting edge of the second MWB CTRL. 
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Table 3-2 Command Issuing Restrictions 
Second Transaction 
MI* | MP* | PM | IM | PIS | IPS | PIB | IPB 
Mr 9/5 | 8/4 1 10/6 | 8/4 | 10/6 | 8/4 | 10/6 
P MPM | 4/2 | 5/3 | 6/4 1 6/4 | 8/1 | 6/4 | 3/1 
s PMP! 16] arl | 5/-2 | 4/-4 5 2 5 2 
T IMP! gl 1M | 8/22 | 972 7 9 7 9 
a PIS 4 1 2 5 2 5 3 5 
i IPS 2 4 5 3 5 3 5 3 
t PIB 10 4 5 11 9 11 9 11 
x IPB 8 10 1 9 1 9 1 9 



































1. Ifa second number is listed, it is with respect to the assertion of the second MRB. CTRL. 
2. If a second number is listed, it is with respect to the de-assertion of the second MWB CTRL. 


3.See the detailed timing diagrams for an example of this command. This timing can only be achieved if the 
memory write data is unloaded AFTER the memory read data is delivered. 
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Operational Details 4 





This chapter covers several important operational details of the XB1 not covered 
in other chapters. It provides details of the wrapping management for memory 
read operations, the operation and detailed timing of the memory read buffer, 
and the operation and detailed timing of the memory write buffer. The PIO write 
single (X_PIS command) is discussed as well. 
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4.1 Wrapping Management 


The XB1 is designed such that quanta of data returned from any memory fetch is 
a block. Furthermore, the size of the block is two A. BUS-size words. Systems 
which require "critical word first" delivery of data to the processor must return 
the requested word first, followed by the remaining words. Because the connec- 
tion of the A. BUS is fixed, the only way to vary the delivery of words to the pro- 
cessor (or to I/O) is to perform a swap of the data. The even and odd variants of 
the X. M[BI] commands perform just this task. 


In the system in which the XB1 is present, the order of delivery of a block of data 
depends on the address that's requested. To provide data to the processor in the 
correct order, the XB1 uses the "even" and "odd" memory transfer instructions to 
realign outgoing data in the necessary fashion. Figure 4-1, "Data Wrapping Man- 
agement." graphically illustrates data wrapping management. 





Data 
rom 


Command Data Order to Processor Bus 


X MPO Byte 0 Byte 3 





Data Order to I/O Bus 


Figure 4-1 Data Wrapping Management 





Note that the wrapping management is only applicable to transfers involving the 
memory read buffer. Writes are strictly sequentially ordered. 
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4. Operational Details 


4.2 Memory Read Buffer Operation 


The memory read buffer stores data coming from memory destined for either the 
processor or I/O ports. Loading of the buffer is under control of the MRB CTRL 
signal and is independent of any unloading command. 





Note: The XB1 design allows for overwriting data stored in the memory read 
buffer. A controller should be able to load data into the buffer, then decide not to 
use the data and proceed to overwrite the data with new data. 





Correct operation to occurs, when the implementation keeps two flags: one for 
each half of the buffer. If both halves are full, and another MRB CTRL assertion 
is detected, the existing data should be overwritten, and the second full flag must 
be cleared. See Figure 4-2 for an example. 


It is permissible to issue the overwriting MRB_CTRL coincident with a memory 
read command. The XB1 should treat this case as though the buffer had been 
empty and use the bypass mode. 


ak /N/ N/ N/ ANY N/ N/ N/ N/ N / N/ NY N 
MRB_CTRL Fe RLF EDS J) LIN 


SEL NOTEIX NOTE1X NOTE1X NOTE IX NOTEIA NOTEIX MPE IDLE A IDLE X IDLE A IDLE 














A[15:0] D0-3 XXXXX X D4-7 DO-3 XXXXX X D4-1» 








BI7:0]] DOL Y D23 X D45 








NOTE: During this time, commands not making use of the MRB can be taking place. 





Figure 4-2 MRB Overwrite Timing 


In addition to overwriting, it is possible to overlap loading the memory buffer for 
a subsequent read with the unloading of data from the current read. Figure 4-3 
and Figure 4-4 show the most aggressive timing permitted for the MRB. CTRL 
relative to the command and relative to other MRB CTRL assertions. The first 
pair of MRB CTRL assertions could of course appear earlier in time. It is the con- 
troller's responsibility to insure that MRB CTRL is not asserted in violation of 
this timing. To summarize: if an X MP* command is given on cycle N, an 
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MRB CTRL which loads new data (as compared with an MRB CTRL assertion 
which loads the second half of the active buffer) can be asserted at the earliest in 
cycle N+3; if an X. MI* command is given in cycle N, an MRB. CTRL which loads 
new data (as compared with an MRB CTRL assertion which loads the second 
half of the active buffer) can be asserted at the earliest in cycle N+5. 


Note: Assertions of MRB. CTRL must meet either the overwrite timing, or the 
pipeline timing. Any other assertion of MRB CTRL is disallowed and operation 
is not guaranteed. 


0 1 2 3 4 3 6 7 8 9 10 11 


ak / \/ NY VY V VY VY VY Y VY VY VA 
MRB_CTRL Fe N An A / NOTE / \ i 








SEL MPE 








A[15:0] < Do3 XXXXX X D4-7 D0-3 XXXXX XD4-7 
B[7:0]] D0,1 Y D23 X D45 Y D67 


Note: This is the earliest that MRB_CTRL can be asserted to load the MRB during processing of a previous X MP* command 








Figure 4-3 MRB MPE Pipelining Timing 


0 1 2 3 4 5 6 7 8 9 10 11 


EEN NAI PR eT NI 
MRBCTRL O STN S A Jer 


SEL MIE 











A[15:0] € Do3 XXXQQQQQQQ A D4-7 D0:3  AXXXXQUQUQQQQQ D4:7_> 





C[3:0]] DO DI D2 D3 D4 D5 D6 D7 





Note: This is the earliest that MRB. CTRL can be asserted to load the MRB during processing of a previous X MI* command. 
A subsequent X. MI* command would have to wait four additional cycles (until cycle 9) before it could issue. 





Figure 4-4 MRB MIE Pipelining Timing 
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4. Operational Details 


4,3 Memory Write Buffer Operation 


The memory write buffer provides an isolation between operations on the proces- 
sor and I/O buses and those on the memory bus. Data is transferred from either 
the I/O or processor bus into a staging register where it is available for output 
under control of the MWB CTRL signal. 


Of special note is the handling of the output enable for the A. BUS. As shown in 
Figure 4-5, "Memory Write Buffer Minimum A. BUS Timing (X PM)." the asser- 
tion of MWB CTRL at cycle 2 causes the A. BUS data to be driven starting in cy- 
cle 3, making it available for sampling on cycle 4. The second MWB CTRL pulse 
which occurs at cycle 4 causes the A. BUS data to switch to the other half of the 
write buffer (MWB). Data will continue to be driven on the A. BUS until one 
clock cycle after MWB CTRL is sampled deasserted. 


The duration of data hold for the first set of A. BUS write data is controlled by the 
separation between first assertions of the MWB CTRL. Data hold for the second 
set of A. BUS write data is controlled by the length of assertion of the second 
MWB. CTRL pulse. 


Note: Both assertions of MWB CTRL are pulses and can be of any duration. A 
one cycle minimum deassertion between pulses is required. 





0 1 2 3 4 5 6 7 8 9 10 11 


aK J NY NA VY N/ N/ N/ N/ N/ N/ N/ N/ NG 























A[15:0]] 








Figure 4-5 Memory Write Buffer Minimum A, BUS Timing (X PM) 
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Figure 4-6, "Extending A. BUS Output Enable Timing (X. PM)." illustrates an ex- 
tension of A. BUS drive time through the use of MWB CTRL, while Figure 4-7, 
"Minimum Back-to-Back Processor to Memory Write." illustrates the minimum 
back-to-back processor-to-memory write timing. The second MWB CTRL is as- 
serted for two clocks to show symmetrical data hold windows for both sets of 
data being written to memory. This MWB. CTRL pulse may be one cycle shorter. 
Moving it a cycle earlier does not improve write performance because of the lim- 
itation on issuing back-to-back PM commands. 





IREA AS AS crac wx eor e 





SEL PM 





B[7:0] DO! YD23 Y D45 Y D67 


MWB_CTRL /N \ A NUM Nd IS 


ason I ——— CEE DD 











Figure 4-6 Extending A. BUS Output Enable Timing (X PM) 


0 1 2 3 4 5 6 7 8 9 10 11 12 


al YA ASA AYSA NEN Ne AO Pe NEE Ne NE 


PM PM 








SEL 
D2,3 , D6,7 DO,1 D2,3 X D4,5 X D6,7 


pL ceu - y eli. X dp qc aq i 





B[7:0] 


MWB CTRL 


————————— - D4-7 D0-3 D4-7 


A[15:0]] 





Figure 4-7 Minimum Back-to-Back Processor to Memory Write 
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4. Operational Details 


4.4 I/O Write Register Operation 


A special case is made for single-word-write transfers from the processor bus to 
the I/O bus. Unlike all other transfers which require a minimum of one dead cy- 
cle between transfers, it is possible to stream processor to I/O bus writes with no 
dead cycles on the C. BUS. Writes have been optimized to improve performance 
of I/O devices such as graphics adapters. At the boundary between streams of 

X PIS commands and any other commands, the C. BUS will go tristate for at least 
one clock cycle. See Figure 4-8, "Minimum Back-to-Back Processor to I/O Writes." 
which illustrates three pipelined X. PIS commands followed by an X MI* com- 
mand. Note the dead cycle on the C BUS even though the XB1 is sourcing the 
data for the X. PIS and X MI"* operations. 


0 1 2 3 4 5 6 J 8 9 10 11 


xc REE NANAS Ne NAIA NA ASANA Ne Og NEG 








SEL PIS(A) PIS(B) PIS(C) 








B[7:0] 








C[3:0] 





Figure 4-8 Minimum Back-to-Back Processor to I/O Writes 
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4. 


5 Timing Diagrams for Command Pairs 


This section contains timing diagrams for all of the pair transactions. It is intend- 
ed to provide examples of the timing listed in Chapter 3, "Command Descrip- 
tion." When illustrating any of the memory commands, the even ordering is 
chosen. The timing is of course identical if the odd ordering is chosen. 


4.5.1 X MI* As the First Transaction 


4. 








5.1.1 X MIto X MI Timing 














A[15:0] X D0-3 XXXXXXXXXXXX D4-1 ? X D0-3 XXXXXXXXXXXXXXXXKK D4- 7 
C[3:0] —— — — ——« po XDI XD X D3 XD4 X Ds XD6 X D7 »—— Do X Di X D2 X D3 XD 





Figure 4-9 MIE-to-MIE Timing 


In Figure 4-9, the MRB CTRLs for the second transfer could have come later 
while still meeting this timing. Figure 4-10, "MIE-to-MIE Timing When MRB Lim- 
ited for First Command." illustrates the timing when MRB_CTRL is limited for 
the first command. 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 


ak / VY Y NN Ne NEN Nef Ba Xe NT NS X Nd 
MRB CTRL / \ / \ / \ / \— | | 
sEL MEX] X X X X X X X X X MEXT XT XT X] 











A[15:0] C D0-3 XXXXXXXXXXXXXXXXXXXXXXXXXXAXX D 4-7 2—.—« D0-3 KROON D4-7 > 


C[3:0] D3 XXXXXXXXXXX X_ D4 








Figure 4-10 MIE-to-MIE Timing When MRB Limited for First Command 
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4. Operational Details 


45.1.2 X MIto X MP Timing 


Figure 4-11 illustrates the X MI-to-X MP timing. 


CLK 


MRB CTRL 


SEL 
A[15:0] X D0-3 XXXXXXXXXXXX D4-7>—— D0-3 KROON D4-7> 
C[3:0] < Do X Di X D2 X D3 XD4 XD5 X D6 X D7> 





Figure 4-11 | MIE-to-MPE Timing 


Data for the second transfer is not allowed to appear on the bus until the cycle af- 
ter the last data word appears on the other bus. 


Figure 4-12, "MIE-to-MPE Timing, When MRB Limited for First Command." illus- 
trates the timing when MRB CTRL is limited for the first command. 


0 1 2 3 4 5 6 7 12 13 14 


ak VY VY WV VY V RR VJ VY VUY V TON eS 


MRB_CTRL 











SEL MIE MPE, 


A[15:0] X DO-3 XO X D4-7 >—— D0-3. XXXXXXXXXXXXXXXXKX D4-7> 


C[3:0] DO DI D2 X_D3XXXXXXXXXXX X D4 X D5 X D6 X D7 














B[7:0] DO,1 XD2,3 X D4,5 X D 





Figure 4-12 MIE-to-MPE Timing, When MRB Limited for First Command 
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45.1.3 X MIto X PM Timing 


12 13 14 
ONIN NNI NIRIA INN INI NIEK IATA 
MRB_CTRL / \ / \ 


SEL X MIEXPM X X X X X XT X X X X X X X X 
A[15:0] X D0-3 XXXXXXXXXXXXC D4-7> 











C[3:0] < DO X Di X D2 X D3 XD4 KDS X D6 X D7 > 
BS[7:0] DOT XD2.3 X D4.5X D6.7 
MWB CTRL FX Fale IN 








Figure 4-13  MIE-to-PM Timing 


In Figure 4-13, "MIE-to-PM Timing.", the data loaded by the X PM command is 
not immediately unloaded. Figure 4-14, "MIE-to-PM Timing When MRB Limited 
for First Command." illustrates that MRB. CTRL does not limit when the X PM 
command can issue, but it does affect when the MWB CTRL can be asserted. 


0 1 2 3 4 5 6 7 
CK/N/ N/ NV N/ NI NV N/ Nf N 
MRBCTRL' /^ N STN 
SEL MIE X PM 
A[15:0] X 00-3 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX D4-7 

















C[3:0] DO X DI X D2 X D3 D4 X DS 








B[7:0] D0,1 XD2,3 X D4.5 X D6,7 


MWB CTRL / N / 











Figure 4-14 MIE-to-PM Timing When MRB Limited for First Command 
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4. Operational Details 


45.1.4 X MIto X IM Timing 








CLK 


MRB CTRL 








SEL 


A[15:0] X D0-3 XXXXXXXXXXXX D4-7 > 


C[3:0] DO Di D2 D3 X D4 D5 D6 D7 DO Di D2 D3 








MWB CTR 








Figure 4-15 — MIE-to-IM Timing 


Figure 4-15, "MIE-to-IM Timing." illustrates command X, MI-to-X IM timing. In 
Figure 4-16, the second MWB CTRL could be asserted as early as cycle #16. 


0 1 2 3 4 5 6 7 8 9 


aK VY V V WV WV WU NPN WV WV ONY WY NN Y 


MRB_CTRL 








SEL MIE 





A[15:0] <_D0-3 KAXKXXXXKXXXXXXAXXXXKXXXXXXXX X D4-7> 
C[3:0] DO XDI X D2 X_D3XXXXXXXXXKK X_D4 








MWB CTRL 





Figure 4-16 — MIE-to-IM Timing When MRB Limited for First Command 
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45.1.5 X MIto X PIS Timing 


In Figure 4-17, "MIE-to-PIS Timing." indicates the command X MI-to-X PIS tim- 
ing, while Figure 4-18, "MIE-to-PIS Timing, When MRB Limited for First Com- 
mand." is the timing when MRB CTRL is limited for the first command. 


¢ d 2 $ 4 5 6 7 
CLK /N/ VY N/ NV N/ NV N/ N Y NV NV NI NI NIN INT N 


MRB CTRL [TA AN 
SEL (MEX X XO XOXO XO XpPISX XX) 

















A[15:0] X D0-3 X XXXXXXXXXXX D4-7> 
C[3:0] ———— — ——« po XDI X D2 X D3 XD4 XDs5 X D6 X D7 »—— DÜ XDI »—————— 
B[7:0] 














Figure 4-17 — MIE-to-PIS Timing 


O 1. 2 3 4 5 6 7 8 9 0 E 2 B H4 
CK / N/ NV N/ NV NV NV NV NV NV NV NV ARAS AANT Y 


MRB CTRL JAREN {Tr 
SEL (MEX XO XOXO Xt X X XX! XAPSX | X X X 2 

















A[15:0] X D0-3 XO D 4-7 > 
C[3:0] |—— ——————« Do X DI X D2 X_D3XXXXXXXXXXX D4 X DS X D6 X D7 
B[7:0] DO.1 























Figure 4-18 MIE-to-PIS Timing, When MRB Limited for First Command 
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4. Operational Details 


45.1.6 X MIto X IPS Timing 
Figure 4-19, "MIE-to-IPS Timing." illustrates command X MI-to-X IPS timing. 


0 1 2 3 4 5 6 7 12 13 14 


aK [VY V V NN V NEE NM YV V WV V VY VY VUN 
MRB_CTRL SN SN 


SEL 

















A[15:0] X D0-3 XXXXXXXXXXXX D4-7> 


CS[3:0] DO D1 D2 D3 X D4 DS D6 D7 








B[7:0] 





Figure 4-19 — MIE-to-IPS Timing 
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In Figure 4-20, "MIE-to-IPS Timing, When MRB Limited for First Command." the 
B BUS is driven on cycle number16. 














A[15:0] COCA 
C[3:0] D3 XXXXXXXXXXX DA 
B[7:0] 











Figure 4-20 — MIE-to-IPS Timing, When MRB Limited for First Command 


45.1.7 X MIto X PIB Timing 


Figure 4-21 illustrates command X MI-to-X PIB timing. 


Dd EE i2 1 i4 
CLK /N/ NV VY N/ NV NV NV NV NV NV NV NV N/ NY NY N 


MRB CTRL ST ST 
SEL (MEX X X XXXL XPIBX | XX X X X 2 

















A[15:0] X D0-3 X XXXXXXXXXX X D4-7> 
C[3:0]. ——— — ——« Do XDI XD XD X D4 X DS X D6 X D7 »——« DO XDI X D2 X D3 XD 
B[7:0] 

















Figure 4-21 ^ MIE-to-PIB Timing 
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4. Operational Details 


In Figure 4-22, "MIE-to-PIB Timing, When MRB Limited for First Command.", the 
C. BUS should also be driven on cycles 15 through 20, inclusive. 


CLK 


MRB CTRL 
SEL X MIE X X X X X X X X X X PIB X 








A[15:0] X D0-3 XO D4-1 > 
C[3:0] < D0 XDI X D2 X_D3XXXXXXXXXXX DA X D5 X D6 XDT7 > 


B[7:0] 








Figure 4-22 — MIE-to-PIB Timing, When MRB Limited for First Command 


45.1.8 X MIto X IPB Timing 
Figure 4-23, "MIE-to-IPB Timing." illustrates command X_MI-to-X_IPB timing. 


0 1 2 3 4 5 6 7] 8 9 0 HH R B 14 
CK /N/ NV NV NV NV NV NV NV N/ NY NY NY NY NI NTN 


MRB CTRL 











SEL MIE 





A[15:0] X D0-3 XXXXXXXXXXXX D4-7> 


C[3:0] DO X DI X D2 X_D3 XD4 X DS X D6 X D7 DO XDI X D2 X D3 XO 
BS[7:0] < DO XXX 











Figure 4-23 MIE-to-IPB Timing 


In Figure 4-24, "MIE-to-IPB Timing, When MRB Limited for First Command."the 
B. BUS sould also be driven cycle 16 through cycle 22, inclusive. 


Sun Microelectronics 
41 


XB1 User's Manual 


0 1 2 3 4 5 6 7 12 13 14 


CLK J VY VY WIW NV NV NI NV NV NV YI NY NZ NN 
MRB_CTRL SA JEN 











SEL MIE IPB 





A[15:0] X D0-3 XXX D4- > 


C[3:0] DO DI D2 X D3 XXXXXXXXXXX X D4 X D5 XD6 XD7 








B[7:0] 





Figure 4-24 MIE-to-IPB Timing, When MRB Limited for First Command 


4.5.2 X. MP* as the First Transaction 


45.2.1 X MP*to X MI* Timing 











A[15:0] D0-3 XXXXXCD4-7 D0-3 XO D4-7> 
C[3:0] DO XDI X D2 X D3 X D4 X D5 X D6 X D7 
B[7:0] DÒ.1 XD2,3 X _D4,5 X D6,7 

















Figure 4-25 — MPE-to-MIE Timing 


The limiting factor in these cases is data for the second transaction must come at 
the earliest one cycle after the last B. BUS datum. Therefore, issuing MRB. CTRL 
any earlier than shown does not change the timing. Figure 4-25, "MPE-to-MIE 
Timing." illustrates command X MP*-to-X MI* timing. 


Figure 4-26, "MPE-to-MIE Timing When MRB Limited for First Command." illus- 
trates command MPE-to-MIE timing when MRB is limited for the first command. 
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4. Operational Details 


0o i AP 4 5; 6 7 s 9 D I 2? B 4 
CLK / \ YS VY VS ANSI N/ NI N NI N / N NA AANS N / NAA 


MRB_CTRL / \ 























A[15:0] € D0-3 XXXXXXXXXXXXXXXKX X D4-7> C D0-3 XXXXXXXXXXXXXXXKXX D4-7 > 
C[3:0] < DO X DI X D2 X D3 X D4 X DS XD6 Xil 














B[7:0] < D0,1 XD2,3XXXXXXXXXXXX X D4,5 X D6.7 > 


Figure 4-26 MPE-to-MIE Timing When MRB Limited for First Command 
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45.2.2 X MP*to X MP* Timing 


Figure 4-27, "MPE-to-MPE Timing." illustrates command MPE-to-MPE timing. 





X X MPEX X 





A[15:0] < D0-3 XXXXK X D4-7> C D0-3 XXXXX X D4-7> 
B[7:0].  ————— ———  D6,1 XD233 X D4,5 X D6.7 »——« D0. XD23 X D4.5 X DOT > 














Figure 4-27 MPE-to-MPE Timing 


To keep up with the minimum timing, the memory port must be capable of 
sourcing 66.4 MB/sec/chip. Figure 4-28 illustrates command MPE-to-MPE tim- 
ing when MRB is limited for the first command. 


MRB_CTRL 


SEL, X MPEX X X X X X XC MPEX X X X XIPB_X 








A15:0] X D0-3 XXXXXXXXXXXXXXXXX X D4-1 > C D0-3 XXXXXX D4-7> 
B[7:0] X D0.1. X D2.3 XXXXXXXXXXX X, D4,5 X D6:7 > 





Figure 4-28 | MPE-to-MPE Timing When MRB Limited for First Command 
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4. Operational Details 


4.5.2.3 X MP*to X PM Timing 
Figure 4-29 illustrates command MPE-to-PM timing and Figure 4-30, "MPE-to-PM 
Timing, When MRB Limited for First Command." illustrates command MPE-to- 
PM timing when MRB is limited for the first command. 


1 2 9 4 5 6 j. 12 13 14 








0 
aK J VY NV VY NS NV NV NV NV NV NI NI NY NV N/ NJ N 


MRB. CTRL ZEN STN 
SEL C MPEX | X | X | X | Xi XPMÁ X X X | X X X X 2 














X D0-3 XXXXXX D4-7> D0-3 D4-7 


A[15:0] 
B[7:0] ————— ———«. D0, X D2,3X D4,5X D6,7 DO,1 XD2,3 XD4,5 X D6,7 














MWB CTRL 





Figure 4-29 MPE-to-PM Timing 


0 1 2 3 4 5 6 7 12 13 14 

















A[15:0] < D0-3 XXXXXXXXXXXXXXXXX X. D4-7 > D0-3 D4-7 
DO,1 


B[7:0] X D0,1 XD2.3XXXXXXXXXXXX X D4,5 X D6.7 D2,3 X D4,5 X D6.7 


MWB CTRL / \ / a aA 


MPE-to-PM Timing, When MRB Limited for First Command 





Figure 4-30 
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4.5.2.4 X MP*to X IM Timing 
Figure 4-31, "MPE-to-IM Timing." illustrates command MPE-to-IM timing. 


0 1 








MRB_CTR / NI 7C.XN 
SEL X MPEX IM X X X X am GP GUES WOES QUEM ER RIEN QUEE U 
X D0-3 XXXXXX D4-7> 











D0,1 AD2,3 A D4,5 A D6,7 
MWB CTRL / \ / \ 
C[3:0] DO DI D2 D3 X D4 D5 D6 D7 

















Figure 4-31 MPE-to-IM Timing 


The case where the X MPE command is MRB. CTRL limited is shown below. It is 
no different than the timing diagram above with respect to when the transfer can 
be initiated. It is possible to limit when MWB CTRL may be asserted if the spac- 
ing between MRB CTRLs keeps the A. BUS busy. Figure 4-32 illustrates com- 
mand MPE-to-IM timing when MRB is limited for the first command. 


0 1 2 3 4 5 6 7 8 9 
CLES N/ NV VS NV NV N / NV NI NJ NN N/ NN N.N 
MRBCTRL  /^ N / 
SEL X MPEXIM X X X X X X X X X X XIM X X X 
A[15:0]— —— D0-3 X XXXXXXXXOQQQQQQOCD4-7»— D0-3 YX DETO 




















B[7:0] <_DO.1 X D2.3X XXXXXXXXXXX X. D4,5 X D6.7 > 
MWB_CTRL— 00000000 NEN 





C[3:0]——— ——— D0 XDI X D2 XD X D4 X D5 X D6 X D7 > 








Figure 4-32 MPE-to-IM Timing When MRB Limited for First Command 
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4. Operational Details 


4.5.2.5 X_MP to X PIS Timing 


Figure 4-33, "MPE-to-PIS Timing." illustrates command MPE-to-PIS timing. 


0 1 2 3 4 5 6 7 
aK NVS VY NY NS N/ NY N/ NY V N7Z N/ NY N/ NS NJ 


MRB_CTRL 








SEL 





A[15:0] 00000, 
B[7:0] DO.1 XD23 X D4,5 X D6.7 














MWB CTRL 





Figure 4-33 MPE-to-PIS Timing 


Figure 4-34 illustrates command MPE-to-PIS timing when MRB is limited for the 
first command. 











Figure 4-34 — MPE-to-PIS Timing When MRB Limited for First Command 
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4.5.2.6 X MP to X IPS Timing 


Figure 4-35, "MPE-to-IPS Timing." illustrates command MPE-to-IPS timing while 
Figure 4-36, "MPE-to-IPS Timing When MRB Limited for First Command." repre- 
sents command MPE-to-IPS timing when MRB is limited for the first command. 


0 1 2 3 4 5 6 7 


aK J VY VY VS VY N/ NV NV NV NY VY NI NY N/ N/ NX N 
MRB2CTRE! JN of sit om he d 











A[15:0] < DO-3 XXXXXX D4-7> 





B[7:0] DO.1 AD2,3 X D4.5 A D6.7 


C[3:0] 








Figure 4-35. MPE-to-IPS Timing 


0 1 2 3 4 5 6 7 
CLK VY VY WI N/ NV NV NV N / N / NV N/ NY N/ NJ NJ 
MRB CTRL FEN FN 
SEL XMPEX X X X. NSK 

















A[15:0] D0-3 XXXXXXXXXXXXXXKXX D4-7 


B[7:0] DQ.1 XD23 D4,5 X D67 >——<_D0,1 > 

















C[3:0] DO D1 





Figure 4-36 MPE-to-IPS Timing When MRB Limited for First Command 
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4. Operational Details 


4.5.2.7 X_MP to X PIB Timing 


Figure 4-37, "MPE-to-PIB Timing." illustrates command MPE-to-PIB timing and 
Figure 4-38, "MPE-to-PIB Timing When MRB Limited for First Command." illus- 
trates command MPE-to-PIB timing when MRB is limited for the first command. 


0 1 2 3 4 5 6 7 8 9 


CLK) S\N SVS NI WV NNI WVV VI VIVI NY AVY AV AY N 








MRB_CTRL 





SEL MPE, 





A[15:0] <_D0-3 XXXXX X D4-7 7 





B[7:0] DO.1 XD2.3 X D4,5 A D6.7 DO.1 AD2.3 X D4,5 X D6.7 
C[3:0] < DO XDI X D2 X D3 XD4 X DS XN 








Figure 4-37 — MPE-to-PIB Timing 


0 1 2 3 4 5 6 7 8 9 10 11 13 14 


CK/N/ N/ N/ N/ N/ N/ NJ NN NN NN N.N. 
MRB_CTRL _/ XS O S C ON OO O 














A[15:0] € D0-3 XXXXXXXXXXXXXXXXX D4-1 > 
B[7:0] <_DO.1 XD2.3 XXXXXXXXKKX X_D4.5 X D6,7 D0,1 XD2,3 X D4,5 X D6,7 


[3:0]. MM M—————————M——— —— — po XDI X122 X D3 XD 


Figure 4-38 MPE-to-PIB Timing When MRB Limited for First Command 
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4.5.2.8 X MPto X IPB Timing 


Figure 4-39, "MPE-to-IPB Timing." illustrates command MPE-to-IPB timing. 


0 1 2 3 4 5 6 7 12 13 14 
CK/N/ N/ V N/ N/ NN NZ NJ NJ NV NY NY NA SN NA 
MRBCTRL  / \ / \ 
SEL, XMPEC . X. XBX. X. X. X. X. X. X. X. X. X. X KX 
A[15:0] € D0-3 XXXXXX DAT) 
B[7:0] D0.1 XD23 X D45(D6.7 




















C[3:0] DO XDI X D2X D3XD4 X D5 X D6 X D7 











Figure 4-39 MPE-to-IPB Timing 


Figure 4-40, "MPE-to-IPB Timing, When MRB Limited for First Command." illus- 
trates command MPE-to-IPB timing when MRB is limited for the first command. 











A[L5:0] 





B[7:0] 








Figure 4-40 MPE-to-IPB Timing, When MRB Limited for First Command 
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4. Operational Details 


4.5.3 X. PM As the First Transaction 


4.5.3.1 X PMto X MI* Timing 


Figure 4-41, "PM-to-MIE Timing, Write Data Unloaded After Read." illustrates 
command PM-to-MIE timing, write data unloaded after read. 


0 1 2 3 4 S 6 7 
CK /N/ N/ N/ N/ N/ N/ N/ NV NV NV NV NIN INI NTN 


MRB  CTRL 











SEL 





A[15:0] - - Write Data AD4-7 





C[3:0] DO DI D2 D3 A D4 D5 D6 D7 








B[7:0] D0,1 XD23 A D4,5 X D6.7 


MWB CTRL / \ / \ 








Figure 4-41 ^ PM-to-MIE Timing, Write Data Unloaded After Read 


If data is unloaded from the X_PM command first, then the minimum spacing is 
seven cycles as shown in Figure 4-42, "PM-to-MIE Timing, Write Data Unloaded 
Before Read." 


Note: The timing above is subject to negotiation. If the state machines do not 
permit simultaneous overlap, the C. BUS data could move out two cycles for a 
minimum spacing of three cycles rather than one cycle. 


0 1 2 3 4 5 6 7] 2 13. 14 
CK / NV NV NV N/ NV N/ NV N/ NV NV NV NY NI NY NN 


MRB CTRL 











SEL 
A[15:0] < Write Data X DA-P——«. D0-3 XXXXX X D4-7 > 
C[3:0] 

















MWB. CTRL / |N / N 





Figure 4-42 — PM-to-MIE Timing, Write Data Unloaded Before Read 
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45.3.2 X PMto X MP Timing 











A[15:0] 





C[3:0] 








B[7:0] D0,1 XD2,3 A D4,5 X D6,7 D0,1. XD2,3 X D4,5 X D6,7 


MWB CTRL / \ / X 











Figure 4-43 — PM-to-MPE Timing, Write Data Unloaded After Read 


The first set of data on the memory bus for Figure 4-43 is for the read data. The 
second set of data is the write data. Figure 4-44 illustrates command PM-to-MPE 
timing, write data unloaded before read. 


D:- 3D 436- XAR 49 3 5. T 
ak VY VY VY Ne AS NN RE GRE EE FN 


MRB_CTRL 











SEL 
A[15:0] ite Dat D0-3 XXXXXX D4-7> 


C[3:0] 

















B[7:0] D0.1 AD2,3 A D4.5 A D6.7 D0.1 AD2,3 A D4.5 A D6.7 











MWB CTRL / \ / \ 





Figure 4-44 PM-to-MPE Timing, Write Data Unloaded Before Read 
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4. Operational Details 


45.3.8 X PMto X PM Timing 
Figure 4-45, "PM-to-PM Timing." illustrates command PM-to-PM timing. 


i, AES 04 s OY 
CK /N/ N/ V N/ N/ N/ N/ N/ N/ N/ N/ NI N/ N/ N/ N 


IMRB CTRL 














SEL 





A[15:0] 








C[3:0] 


DO.1 XD2,3 A D4.5 X D6,7 D0.1 X D2,3 A D4,5 A D6,7 








Figure 4-45 — PM-to-PM Timing 


Figure 4-46, "PM-to-PM Timing, MWB CTRL Limited." illustrates the timing with 
MWB CTRL extended. In order not to overrun the second half of the write buffer, 
the X PM command following the first must be no closer than two clocks prior to 
the deassertion of the second MWB CTRL for the first transaction. No hardware 
interlock is provided on the write buffer. It is the controller's responsibility to in- 
sure that the write buffer is not overrun. 








MRB CTRL 





SEL 











A[15:0] 





C[3:0] 





B[7:0] D0,1. X D2,3 A D4,5 A D6,7 D0.1 D2,3X D4,5 A D6,7 








MWB CTRL / N / N / N / N 








Figure 4-46 — PM-to-PM Timing, MWB CTRL Limited 
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45.3.4 X PM to X IM Timing 
Figure 4-47, "PM-to-IM Timing." illustrates command PM-to-IM timing. 


REE AE EE UH 2 B 3 
ak ENT VY VY VI VI VI NENT NT AVA AAVA AAVA AAAA 


MRB_CTRL 














SEL IM 
A[15:0] 











C[3:0] 





D0,1 AD2,3 A D4,5 X D6,7 








Figure 4-47  PM-to-IM Timing 


Figure 4-48, "PM-to-IM Timing, MWB CTRL Limited." illustrates the timing with 
MWB_CTRL extended. In order not to overrun the second half of the write buffer, 
the X IM command following the first must be no closer than four clocks prior to 
the deassertion of the second MWB CTRL for the first transaction. No hardware 
interlock is provided on the write buffer. It is the controller's responsibility to in- 
sure that the write buffer is not overrun. 


0o o1 2? 3 4 5 6 7 
CLE /N/ N/ N/ N/ NAANA N/ N/ N/ NN NN / N / AN 
MRB CTRL 


SEL CPM XX X. X. XIM X. X. X X X X X XX) 


A[15:0] 


























C[3:0] < DO X DI X D2 X D3 X DA X DS X D6 X D7 »——— 











D2,3 X D4,5 A D6,7 








Figure 4-48 — PM-to-IM Timing, MWB CTRL Limited 
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4. Operational Details 


45.3.5 X_PM to X PIS Timing 


This command is not limited due to MWB CTRL. Figure 4-49 illustrates com- 
mand PM-to-PIS timing. 


0 1 2 3 4 3 6 F 


LNY NN VY NYI VY NYI VY NL WV Ne YI WY Y AAY ANS 

















A[15:0] 
C[3:0] 











Figure 4-49 PM-to-PIS Timing 


4.5.3.6 X PM to X IPS Timing 


This command is not limited due to MWB_CTRL. Figure 4-50 illustrates com- 
mand PM-to-IPS timing. 


0 1 2 3 4 5 6 7 
CK /N/ N/ N/ N/ YV N/ N/ NV NNS NIN NV NJ N 


MRB CTRL 














SEL 








A[15:0] 








C[3:0] 


B[7:0] D0.1 AD2,3 A D4.5 A D6.7 





MWB CTRL 





Figure 4-50 PM-to-IPS Timing 
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4.5.3.7 X PMto X PIB Timing 


This command is not limited due to MWB CTRL. Figure 4-51 illustrates com- 
mand PM-to-PIB timing. 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 


CEL NANA NEN NA NF NL ON INL NL NF OI DN ONL OS ON 


MRB_CTRL 


SEL X PM X X X X X. PIB X X X X X X XX X X, 














A[15:0] 


C[3:0] 
B[7:0] 
MWB CTRL STA LTA 











Figure 4-51 ^ PM-to-PIB Timing 


45.3.8 X PMto X IPB Timing 


This command is not limited due to MWB_CTRL. Figure 4-52 illustrates com- 
mand PM-to-IPB timing. 


0 1 2 3 4 5 6 7 8 9 10 H 2 B 4 
CK/N/N/ N/ N/ V NNS 


MRB  CTRL 








SEL 
A[15:0] - (D417> 
C[3:0] Do X DI X D2 X D3 X D4 X Ds XD6 X D7 











B[7:0] D0,] XD2,3 X D4,5 X D6,7 D0,1 XXX X D2,3 XXXXXX DAS XXXXXX D6.7 


MWB CTR / \ / \ 








Figure 4-52 PM-to-IPB Timing 
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4. Operational Details 
4.5.4 X IM As the First Transaction 


45.4.1 X IMto X MI* Timing 


Figure 4-53 illustrates command IM-to-MIE timing, write data unloaded after 
read. 


0 i 2? 3 4 5; 6 7 
CK/N/N/N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ AAV NN 


MRB CTRL 

















SEL 


A[15:0] - - Write Deta X D4-7»— 














C[3:0] ————« po XDI X p2 X p3 Xp4 X D5 XD6 XDp7 »—— npo XDI X D2 X D3 X D4 XO 





B[7:0] 


MWB CTRL 





Figure 4-53 IM-to-MIE Timing, Write Data Unloaded After Read 


If data is unloaded from the X_IM command first, then the minimum spacing is 
determined by A_BUS availability and is 11 cycles as illustrated in Figure 4-54. 


0 1 2 3 4 5 6 7 8 9 10 I 
CK/N/N/ N/ N/ N/ NS N/ N/ NY N/ NI NY NY SN 
MRB_CTRL / N ITN 


SEL MIE 
A[15:0] < D0-3 XXX X D4-7 > 

















C[3:0] D6 X D7 < Do XDI X I 





B[7:0] 


MWB CTRL / N 








Figure 4-54 PM-to-MIE Timing, Write Data Unloaded Before Read 
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45.4.2 X IMto X MP Timing 


Figure 4-55 illustrates command IM-to-MPE timing, write data unloaded after 
read. 


. ie 2 3 4% 5 ce 7 12 13 4 
CK/N/N/ N/ V N/ N/ N/ N/ N/ N/ VY N/ N/ N/ N/N 


MRB CTRL an ann 
SEL, XIM X MPEX . XX. X. XXX kkk) 


























A[15:0] D0-3 D4-7 Write Data D4-7 








C[3:0] ~ no Xni X D2 X D3 X D4 X D5 X DE X D7 > 
B[7:0] ->—7——+———<_D0._ X123 X n45 X n6: ?—— —— —1— ———————————rT——4 
MWB. CTRL STN / M 











Figure 4-55 IM-to-MPE Timing, Write Data Unloaded After Read 


The first set of data on the memory bus for the timing diagram above is for the 
read data. The second set of data is the write data. In the case that the write data 
is unloaded before the read, the spacing is eleven cycles minimum as illustrated 
in Figure 4-56, "IM-to-MPE Timing, Write Data Unloaded Before Read." 


CLK 


MRB CTRL 





SEL X MPEX X X 





A[15:0] Write Data D4-7 D0-3 XXXXX X D4-7 

C[3:0] < DO X DI X I2 X D3 XD4 X DS XDE X D7 > 

B[7:0] < D0.1 XD2.3 XT) 
MWB_CTRL / TN LT \ 











Figure 4-56 ^ IM-to-MPE Timing, Write Data Unloaded Before Read 
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4. Operational Details 


45.4.3 X IMto X PM Timing 


Figure 4-57 illustrates command IM-to-PM timing. 


UL d) 797.0909 4s — 269- Uf 
CK/N/N/N/ N/ N/ N/ N/ NN 


MRB CTRL 








SEL 





A[15:0] E X D4-7 »——« D0-3 D4-7 








C[3:0] 
B[7:0] 
MWB_CTRL ST / \ ST / 














Figure 4-57 _IM-to-PM Timing 


Figure 4-58, "IM-to-PM Timing, When MWB_CTRL Limited." illustrates the tim- 
ing with MWB CTRL extended. In order not to overrun the second half of the 
write buffer, the X. PM command following the first must be no closer than two 
clocks prior to the deassertion of the second MWB CTRL for the first transaction. 
No hardware interlock is provided on the write buffer. It is the controller's re- 
sponsibility to insure that the write buffer is not overrun. 


Qr rfc. De render c 

CK/N/ N/ N/ N/ NV N/ NV NV NV NJ NY NN NN 
MRB CTRL 

SEL XMX, X. X X X. X X X XmMmX, X X. X. X, X 


A[15:0] < D0-3 X 























C[3:]  ———— D0 XD X p2 Xp XD4 XD5 XD6 X D7 > 
B[7:0] 


MWBCIRLL | |. | |] /|1N |. | | 7 











Figure 4-58 — IM-to-PM Timing, When MWB. CTRL Limited 
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45.4.4 X IMto X IM Timing 


Figure 4-59 illustrates command IM-to-IM timing. 


0 1 2 3 


4 5 6 7 8 
CLK / AS NEP NP NED NEP NP NSF ONE NT 








MRB_CTRL 





SEL 








A[15:0] 





C[3:0] 





BS[7:0] 


MWB CTRL 











Figure 4-59 — IM-to-IM Timing 


Figure 4-60, "IM-to-IM Timing, When MWB. CTRL Limited." illustrates the timing 
with MWB CTRL extended. In order not to overrun the second half of the write 
buffer, the X IM command following the first must be no closer than four clocks 
prior to the deassertion of the second MWB CTRL for the first transaction. No 
hardware interlock is provided on the write buffer. It is the controller's responsi- 
bility to insure that the write buffer is not overrun. 














A[15:0] 
C(3:0] DO XDI X D2 X D3 XD4 X D5 X D6 X D7 DO XDI X_D2 X D3 XD 


B[7:0] 











MWB CTRL 





Figure 4-60 — IM-to-IM Timing, When MWB CTRL Limited 
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4. Operational Details 


45.45 X IMto X PIS Timing 


This command is not limited due to MWB CTRL. Figure 4-61 illustrates com- 
mand IM-to-PIS timing. 


0 1 2 3 4 5 6 7 
CLK / \ SVS VS VSI NS NS NVI NISINSI NI NI NI NI NI NY 


MRB_CTRL 














SEL' XIM X 














A[15:0] 





C[3:0] 








Figure 4-61 — IM-to-PIS Timing 


45.4.6 X IMto X IPS Timing 


This command is not limited due to MWB CTRL. Figure 4-62 illustrates com- 
mand IM-to-IPS timing. 


0 1 2 3 4 5 6 7 
CK/N/N/ N/ N/ N/ N/ N/ NI NS NI N/ N/ NV NJ NN 


MRB CTRL 



































Figure 4-62 IM-to-IPS Timing 
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45.4.7 X IMto X PIB Timing 


This command is not limited due to MWB CTRL. Figure 4-63 illustrates com- 
mand IM-to-PIB timing. 


Qo cq. 74 c4. v& 9$ 0. 
CLK NVA V VY V VS NS V VY ANI ANI NI NI NI NIN 


MRB_CTRL 


SEL X_IM_X X X X X X X. PIB X X X X X X X X 

















A[15:0] < D0-3 XD4-7» 





C[3:0] 








B[7:0] D0,1 XD2:3 A D4,5 X D6,7 


MWB_CTRL / \ / \ 








Figure 4-63 — IM-to-PIB Timing 


45.4.8 X IMto X IPB Timing 


This command is not limited due to MWB CTRL. Figure 4-64 illustrates com- 
mand IM-to-IPB timing. 


0 1 2 3 4 5 6 7 
CER GC VY V WV V UVU NL NL VY YV V NP OT RDR) 


MRB_CTRL 











A[15:0] 








C[3:0] 





B[7:0] 


MWB CTRL 











Figure 4-64 IM-to-IPB Timing 
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